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Abstract. The delivery of a structural analysis module to architectural or civil
engineering students needs the visualization of certain diagrams, such as the internal force diagrams and the elastic line. These diagrams are difficult to grasp
for students new to structural analysis and need a lot of practice to become proficient in drawing them. Current structural analysis textbooks with electronic
platforms do not include tools to draw the internal force diagrams or deflection.
This has led to the initiative of creating an online structural analysis tool to enable
the student to easily apply different loadings on different statical systems to draw
the internal force diagram or the elastic line. The online tool is easy to navigate,
using dropdown menus to choose the structural system and sliders to specify the
parameters. It can be implemented during online lectures to demonstrate diagrams to the students and in assessments where students can easily apply the tool
to visualize the required diagram and check their calculations. Other smart questions can be adopted by the teacher which need a lot of manual calculations that
are not practical during the assessment’s limited time. This smart assessment is
now doable using the structural analysis tool. This tool has further been extended
as a mobile application which can be used offline. The tool can be enlarged to
accommodate more complicated structures and loading conditions. The tool’s effectiveness over that of software packages is the simultaneous interaction in the
user interface.
Keywords: Mobile Applications, Virtual Education, Online Structural Hub,
Structural Analysis.

1

Introduction: Challenges

Interactive tools have become imperative in any teaching environment, whether distant
learning is required or not. In engineering disciplines, the transition to interactive
eBooks with electronic platforms has become the trend. This is needed for ordinary inperson teaching, and even more, for distant learning, as has been dictated by the outbreak of the Covid-19 pandemic. The current Covid-19 pandemic has led to a race in
the development and implementation of more electronic tools to assist in the distant
learning process.
Structural analysis is used by practically all disciplines in engineering, and, in particular, students of architecture and civil engineering. It is a basic requirement to start
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the process of design of sections in reinforced concrete and steel structures. The first
step in any structural design is to find the internal forces and deflections of the structure
subjected to certain applied loads. This leads to many challenges for students new to
this process.
The first challenge is the visualization of internal force diagrams like the bending
moment diagram (BMD), the shear force diagram (SFD), and the normal force diagram
(NFD). Visualizing the internal force diagrams has proven difficult for students beginning their journey of learning in structural analysis. There are so many statical systems
and loading conditions for the student to deal with. Although the student is taught to
use the method of sections to find the internal forces, the resulting internal force diagrams is somewhat a myth to the student. For this reason, developing an interactive
tool to draw the BMD and SFD for 1D systems such as statically determinate beams,
and the BMD, SFD, and NFD for 2D systems such as statically determinate frames has
been an attractive objective for any structural analysis module. In fact, current structural analysis electronic textbooks or platforms [1,2] do not include this as a coaching
activity.
The second challenge is the visualization of deflections. Often, after two or three
lectures on deflections, I find students asking me what is the deflection of a beam? The
aim, therefore, is to introduce the student to an interactive dynamic example of the
deflection of a beam from the first lecture, so that they have a tool to play with while
studying the theoretical aspects of calculating deflections. The tedious methods of calculating deflections (double integration method, moment-area method, conjugate-beam
method, or virtual work method) are taught in vain if the student has not grasped the
concept of deflections from the first lecture. Interactive deflection tools cannot be found
in the coaching activities of current electronic platforms for structural analysis textbooks [1,2]. Although these textbooks contain coaching tools for simple load deformation problems of mechanics of materials, no interaction deflection tools have been
developed or included. This has led to the urgent need to develop in-house interactive
tools for complementing the delivery of any structural analysis module.

2

Structural Analysis Tool

Three phases of a structural analysis tool have been developed by the Center for Emerging Learning Technologies (CELT) at the British University in Egypt (BUE) [3]. These
are, the drawing of the internal forces for statically determinate beams, the drawing of
the internal forces for statically determinate frames, and the drawing of the elastic line
for simply supported beams and cantilevers.
2.1

Internal Forces for Statically Determinate Beams

The interactive tool for structural analysis of statically determinate structures under
static loads is an effective approach to introduce the concept of drawing a diagram that
includes all internal forces acting on any section in a structure to a year one student in
engineering schools. As a matter of fact, presenting these diagrams for particularly architectural students is a major challenge. These students usually have the perspective
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that such topics are irrelevant to their studies. The major challenge in teaching such
topics to architectural students is to link theoretical modules to their interest in architectural design and to emphasize on the fact that structural analysis is a crucial module
to help them estimate the dimensions of sections they design architecturally. Developing an interactive tool specially if it is in the form of a mobile application will gamify
these tough modules for architectural students.
The first tool is a simple beam with an overhanging part. The loading conditions
include a partially uniformly distributed load with intensity w (kN/m) and length a (m)
and point load P (kN) on both beam and overhanging part. The variables are introduced
in the form of sliders to describe geometry and loads as shown in Fig.1.

Fig. 1. Simple beam with an overhang part – loading cases.

Fig. 2. Simple beam with an overhanging part loading Case (1) – concentrated
load.
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The solution provides the student with the reactions at the beam supports and the BMD
and SFD. To present the merit of the developed tool, let us consider Case 1 of a concentrated load presented in Fig. 2. The output is easy to interpret as the loading case is
simple, but for a case with a more complicated loading regime it is better to partition
the load into simpler cases which can be displayed separately and when superimposed
the resulting diagrams are easier to interpret. An example for the above learning technique is given in Fig. 3, showing a beam subjected to all loading cases together and the
diagrams for the combined case are displayed.

Fig. 3. Simple beam with an overhanging part - combined loading case.

2.2

Internal Forces for Statically Determinate Frames

The second developed tool is a 2D statically determinate frame under static load. The
frame span is L (m) and the column height is H (m). The loading cases are distributed
load of value w (kN/m) and point load P (kN), on either the columns or the beam or
simultaneously. The output includes reactions at supports in addition to the normal
force diagram (NFD), shear force diagram (SFD) and bending moment diagram (BMD)
as shown in Fig. 4. Complete shots for the different loading cases are given in Fig. 5.

ICBL2020 – 9th International Conference on Interactive Collaborative and Blended Learning
14-16 October 2020, Online Event, McMaster University, Hamilton, Canada
– 434 –

5

Fig. 4. Statically determinate frame loading case (1).

Fig. 5. Statically determinate frame loading cases.
2.3

Elastic Line for Simply Supported Beams and Cantilevers

The interactive tool for deflections was meant to introduce the concept of deformations
of simply supported beams and cantilevers under a point load. The tool allows the
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student to develop an in-depth understanding of the behavior of deflections of simply
supported beams and cantilevers under a point load and to determine the value of the
deflection at any point along the beam.
The equations for the elastic line were developed using the double integration
method, by integrating the expression for the moment and applying the relative boundary conditions and continuity conditions to find the constants of integration. This was
done for the case of a simply supported beam and a cantilever beam subjected to a
single concentrated load. A drop-down menu was defined to choose between the case
of a simply supported beam and a cantilever beam. Three parameters were defined, the
span of the beam or the length of the cantilever L (m), the magnitude of the concentrated
load P (kN), and the position of the concentrated load along the span a (m). These
parameters were programmed to be input using a slider as shown in Figs. 6 and 7. The
deflection curve was hence, drawn graphically along the span as shown in Figs. 6 and
7, and the exact value of the deflection could be shown by holding the pointer on a
specific point on the curve.

Fig. 6. Interactive tool for determining the deflection of a simply supported beam under a single concentrated force.

Fig. 7. Interactive tool for determining the deflection of a cantilever beam under a single concentrated force.
This application may seem simple in appearance and easy to navigate, but it gives the
deflection values of a much more complicated process of integration. It gives the student a visualization of the deflection curve and enables them to check their self-computed values. This tool has proved to be appealing to the student and worthy of future
extensions for more loading conditions and statical systems. The only drawback in the
deflection tool is the length of the process of integration and algebraic substitutions as
the loading conditions and statical systems get more complicated. However, as the final
product is a simple and effective tool for students of structural analysis the effort is
worth making.
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Implementation of the Tool in Teaching Activities

The above-mentioned tools for both structural analysis of beams and frames and deflection calculation can be adopted as a teaching tool during class by introducing a
certain problem to students; trying to solve it using first principals and then giving them
the opportunity to check their answer using the mobile app. Such interactive classes,
even for online classes, gives the class a dynamic ambient.
Furthermore, as a dynamic interactive tool, it can be implemented to deliver certain concepts visually by giving the students the opportunity to try different loading
values, structural dimensions, and to discuss how each parameter affects the output diagrams. As an example, if we consider the beam in Fig. 8 subject to a combined loading,
Case (1) and Case (3), the student can try different combinations of load values and
positions so that the beam reaction at the left support reduces to zero or even becomes
inverted which means the beam transforms to a seesaw structure. Implementing this
case on the tool is shown in Fig. 8. This cannot be achieved using conventional manual
analysis methods as it needs many trials with a lot of calculations, while in the present
tool it only needs the movement of the slider to see how the reactions are affected.

Fig. 8. Seesaw effect of inverting reactions.

4

Deployment of the Tool in Assessments

One of the characteristics of structural analysis course assessments is that the student
may get a final answer of a certain problem which does not make sense due to lack of
experience. In some cases, it needs a lot of calculations to check for the validity of the
answer, which needs extra time that is allocated to other parts of the assessment. This
is one of the big merits of such a tool. The student can use conventional ways to solve
a problem and then check their answer using the mobile app. This approach gives the
student a self-assessment tool without interference from the facilitator and will enhance
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the ability of the student to deal with different tasks at the same time, hence gives time
allocation proficiency.
One of the major challenges for online teaching is the risk of plagiarism due to lack
of supervision. The developed tool can serve effectively to resolve this issue. The solution is to give each student a unique problem. This can be achieved by linking some
of the problem parameters with the student ID. For marking the assessment, the teacher
only needs to use the tool once for each student to get the model answer and mark
accordingly.
Other smart questions can be adopted by the teacher which need a lot of manual
calculations which is not practical during the limited time of the assessment. This smart
assessment is now feasible using the structural analysis tool.
The advantage of such an online tool over the structural analysis software packages
like SAP, ETABS, STAAD and others is the simplicity in using it, and the simultaneous
response of the tool while changing parameters without the need to change an input file
and running the program.

5

Conclusions and Recommendations

Interactive tools have become imperative in the delivery of structural analysis modules.
They are needed whether the teaching is in person or online as in the case of the implementation of the contingency plan for the Covid-19 pandemic. There is currently a gap
in interactive tools for drawing internal forces and elastic lines in available interactive
eBooks, which leads to the need to develop in-house applications. The advantages of
having an available structural analysis tool both online and offline in the form of a
mobile application is obvious in the delivery of lectures and tutorials, as well as the
delivery of assessments. The dynamic nature of the tool enables easy visualization of
the problem and facilitates the checking of hand-calculated answers. The future of the
delivery of structural analysis modules is definitely heading for the need and use of
such online structural analysis tools.
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